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Work performed under this grant has concentrated mainly on the chemical
modification of Tio2 powders in the gas phase and the examination of the mod-
ified powders by infrared absorption spectroscopy. We sought to (1) explore
the range of information obtainable by IR spectroscopy of chemically modified
semiconductors, and (2) define the optimum reaction conditions for synthe-
sizing a monolayer of methylsilanes using vapor phase reaction conditions.
The results are comprehensively summarized in a paper submitted to the Journal
of the American Chemical Society, a copy of which is attached. An earlier
paper (copy attached) will appear in the ACS Symposium Series, “Chemically
Modified Surfaces" (see below). Very briefly, we summarize the results:

(1) Sitanes react rapidly in t.e gas phase to form an approximate mono-
layer on the TiO2 surface. The silane layer is not removed by heating under
vacuum (proof of bonding) or by exposure to water vapor.

(2) Coverages are virtually independent of the type of silane, reaction
temperature, and vapor pressure, The silanes examined included mono- through
trichloromethyl silane, mono- through trimethoxymethylsilane, and hexamethyl-
disilazane,

(3) Diffecent types of surface hydroxyl groups display differing reac-
tivities towards silanes. “"Terminal" 0-H groups react readily with silanes
while "bridging" 0-H groups remain .argely unperturbed.

(4) HC1, a byproduct of the silanization with chlorosilanes, chemisorbs
to the Tio2 surface and alters it permanently. Methanol and ammonia likewise

]
interact strongly with Tioz surfaces, but their effects are removed by



prolonged exposure to water vapor.

(5) IR spectroscopy is a powerful t601 for studying surface modification.

We have now proceeded to the second stage: stability testing. Single
crystal Tio2 electrodes are modified with silanes in the vapor phase and
examined by x-ray photoelectron spectroscopy (XPS). The electrodes are soaked
in various electrolytes, or used to generate photocurrent in the same electro-
lytes. The Si(2p) peak is monitored (along with the 0(1s), Ti(2p), and C(1s))
peaks to assess the loss of the silane. We have no firm conclusions as yet.
Strong base (0.1 M NaOH) seems to strip the silane quantitatively; photo-
current generation in 0.5 M HZSO4 also devastates the silane layer. These
results are tentative. The x-ray photoelectron spectrometer suffers from
varying sensitivity and frequent breakdowns. Also, the Si(2p) peak conveys
no information as to the chemical nature of the silicon. Consequently, we
are exploring alternate methods, preferably vibrational spectroscopies, for
examining silane monolayers on single crystal electrodes.

The work described above has been done principally by one Ph.D. candidate,
R. S. Vithanage. Assistance was provided by several undergraduates:
Albert Wagner (summer, 1980); Barry Flannagan {spring and fall, 1981); and
Martha Gilliam (summer, 1981). A new graduate student, Jim Cwynar, will
start work soon on GaAs. We plan to duplicate the IR study done on T102 and

to attempt to passivate the GaAs photoelectrochemical oxidation.
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